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Abstract
Background: Deep Vein Thrombosis (DVT) is a common complication in trauma patients. Venous duplex
surveillance is used widely for the diagnosis of DVT, however, there is controversy concerning its appropriate use.
The Wells criterion is a clinically validated scoring system in an outpatient setting, but its use in trauma patients has
not been studied. This study evaluated the application of the Wells scoring system in trauma population.
Methods: Wells scores were calculated retrospectively for all patients who were admitted to the trauma service
and underwent Venous Duplex Scanning (VDS) at the author’s institution between 2012 and 2013. Correlation of
Wells score with DVT and its efficacy in risk stratifying the patients after trauma was analyzed using linear
correlation and receiver operating characteristic (ROC) curve. Sensitivity and specificity of Wells score in ruling out
or ruling in DVT were calculated in various risk groups.
Results: Of 298 patients evaluated, 18 (6 %) patients were positive for DVT. A linear correlation was present between
Wells score and DVT with R2 = 0.88 (p = 0.0016). Median Wells score of patients without DVT was 1 (1–3) compared to a
median score of 2 (1–5) in those with DVT (p< 0.0001). In low risk patients (scores <1), Wells scoring was able to rule out
the possibility of DVT with a sensitivity of 100 % and NPV of 100 %, while in moderate-high risk patients (scores ≥2), it
was able to predict DVT with a specificity of 90 %. Area under ROC curve was 0.859 (p < 0.0001) demonstrating the
accuracy of Wells scoring system for DVT risk stratification in post trauma patients.
Conclusions: A Wells score of <1 can reliably rule out the possibility of DVT in the trauma patients. Risk of developing
DVT correlates linearly with Wells score, establishing it as a valid pretest tool for risk stratification.
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Background
Venous thromboembolism (VTE), comprising of deep
vein thrombosis (DVT) and pulmonary embolism (PE),
is the third leading cause of death in hospitalized trauma
patients, with an estimated incidence of 5–20 % with
prophylaxis [1–3]. This wide range in incidence of VTE
is attributed to variability in patients’ risk factors, choice
of prophylaxis and modalities of screening and detection
of VTE [1, 4]. Thromboprophylaxis in trauma patients is
complex for many reasons, one of them being the
presence of an early coagulopathy present in 25 % of
trauma patients at the time of admission [5], which is
further complicated by hypo-perfusion, acidosis and re-
suscitative measures [4, 6]. This coagulopathy shifts to a
pro-thrombotic state early after traumatic injury necessi-
tating thromboembolism prophylaxis. Additionally, these
patients have a high bleeding risk associated with the
use of anticoagulants and limitation of use of compres-
sion devices due to extremity injuries [7]. DVT has been
chosen as an important indicator of quality of care and
pay for performance criteria, with an underlying as-
sumption that all DVTs are preventable with appropriate
detection and prophylaxis [8]. This has led to an
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increased use of duplex ultrasound scanning for DVT in
asymptomatic trauma patients, which may not be cost
efficient or at times effective in preventing clinically rele-
vant VTEs in a subset of these patients [7, 9]. Further-
more, there is immense variability in the utilization of
duplex ultrasound screening among various trauma cen-
ters in the National Trauma Data Base (NTDB) [8]. Cur-
rently, screening is suggested for patients who are at
high risk of developing DVT and have received subopti-
mal or no thromboprophylaxis. There are, however mul-
tiple opinions on what factors define a high risk trauma
patient [1, 8] or what constitutes an optimal regimen for
use in screening or prophylaxis against DVTs. Given this
clinical dilemma, a means of increasing the pretest prob-
ability of screening algorithms is needed to optimize
DVT detection and cost-effectiveness. Multiple tools are
available to identify high-risk patients in the outpatient
setting such as Wells Score, Geneva Score, Minaiti Score
and Charlotte rule, of which the Wells score with its
modification is the most widely used and accepted scor-
ing system [10–12].
The aim of the current study was to evaluate if the
Wells criteria for DVT (Table 1) [13] could be applied to
the trauma population and aid clinicians in detection of
DVTs.
Methods
This study was conducted at a Level I trauma center fol-
lowing review and approval by the North Memorial In-
stitutional Review Board. All patients admitted to the
trauma service at the authors’ institution from January
2012 to July 2013 who underwent venous duplex scan-
ning (VDS) were retrospectively identified. A standard-
ized venous thromboembolism prophylaxis protocol
using sequential compression devices, and early
mobilization was followed for all patients admitted to
the trauma service. Additionally, routine enoxaparin (or
alternative anticoagulation) was started on post admis-
sion day 1 in patients determined to be at high risk for
VTE, except when contraindicated. High risk patients
are defined in our protocol as having one or more of
these risk factors: spinal cord injury, traumatic brain in-
jury, complex pelvic fractures, patients requiring mul-
tiple surgeries, solid organ injury, major venous injury,
immobility >72 h, previous history of VTE and cancer.
VDS was performed on iU22 xMATRIX Ultrasound
System (Philips Healthcare, Andover, MA), by trained
ultrasound technologists. The diagnosis of DVT was
based on final VDS reporting and classified as positive
or negative.
The Wells score for each patient was calculated on the
day of duplex ultrasound by a blinded reviewer (critical
care fellow) based on a retrospective chart review of
clinical symptoms and patient history factors from phy-
sicians’, nurses’ and other medical personnel notes. Wells
score was calculated using Mdcalc.com’s online calcula-
tor. Descriptive statistics and associations of the Wells
score with incidence of DVT were calculated for the co-
hort. To calculate the sensitivity, specificity, positive pre-
dictive value (PPV) and negative predictive value (NPV)
of the Wells scoring criteria, cut-off scores of 1 for low
probability and cut-off scores of 2 for moderate and
higher probability were used. The receiver operating
characteristic (ROC) curve was analyzed and area under
ROC curve (AUROCC) was used as a performance
marker of the Wells scoring system in risk stratifying the
trauma population.
Statistical analysis was performed using GraphPad
Prism 6 (GraphPad Software Inc. La Jolla, CA). The stat-
istical significance between proportions was determined
by Chi-Square test, Mann-Whitney U test was used for
ISS and Wells scores, correlation was calculated using
Pearson r and coefficient of determination R2, and an
unpaired t-test was used for the rest.
Results
A total of 2712 patients were admitted to the trauma
service at the authors’ institution during the specified
time period. Of these patients, the cohort consisted of
298 trauma patients, who underwent VDS for DVT
evaluation. The median injury severity score of the co-
hort was 17 (1–66) and the median age was 58 (18–96)
years. There were 197 (66 %) males and 101 (34 %) fe-
males in the cohort with a mean length of stay (LOS) of
Table 1 Wells criteria for the prediction of deep vein
thrombosis (DVT)a
Clinical Characteristic Score
Active cancer (patient either receiving treatment
for cancer within the previous 6 months
or currently receiving palliative treatment)
1
Paralysis, paresis, or recent cast immobilization
of the lower extremities
1
Recently bedridden for≥ 3 days, or major
surgery within the previous 12 weeks
requiring general or regional anesthesia
1
Localized tenderness along the distribution
of the deep venous system
1
Entire leg swelling 1
Calf swelling at least 3 cm larger than
that on the asymptomatic side
(measured 10 cm below tibial tuberosity)
1
Pitting edema confined to the symptomatic leg 1
Collateral superficial veins (non-varicose) 1
Previously documented deep vein thrombosis 1
Alternative diagnosis at least as likely as
deep vein thrombosis
-2
a Wells scoring system for DVT: -2 to 0: low probability, 1 to 2 points:
Moderate probability, 3 to 8 points: high probability
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13.5 days in the hospital and 6 days in the Intensive Care
Unit (ICU) respectively. Of the 298 patients studied, a
total of 18 patients (6 %) were positive for DVT. Wells
score was used to define each patient’s probability of de-
veloping DVT, patients were assigned a score and then
categorized: -2 to 0 points: low probability, 1 to 2 points
as moderate probability, and 3 to 8 points as high prob-
ability. When stratified into the above-mentioned cat-
egories, the incidence of DVT was found to be 0 % in
low probability, 7.3 % in moderate probability and
66.6 % in high probability patients (Fig. 1a). There were
no significant differences in the injury severity scores
(ISS), age or sex between the patients developing DVT
vs. those with no DVT. Median Wells score of patients
without DVT was 1(1–3) compared to a median score of
2 (1–5) in those with DVT (p <0.0001) (Fig. 1b). The
characteristics of the cohort are provided in Table 2.
Further analysis revealed that patients with Wells
score ≤ 1 had a relative risk (RR) of developing DVT of
0.075 [95 % confidence interval (CI): 0.03–0.19], while
the RR of patients with Wells score of 2, 3, and 4 were
13.3 (95 % CI: 5.5–33.3), 13.9 (95 % CI: 6.5–29.8) and,
18.5 (95 % CI: 11.5–29.8) respectively. There was a
strong linear correlation between Wells score and inci-
dence of DVT with Pearson coefficient r = 0.94 (95 % CI:
0.64–0.99; R2 = 0.88; p = 0.0016) (Fig. 2a). In patients
classified as low probability by their score (cut-off scores
of 1), the Wells score was able to rule out the presence
of DVT with a sensitivity of 100 % (95 % CI: 100–100 %)
as well as a negative predictive value (NPV) of 100 %
(95 % CI: 100–100 %) (Table 3).
In patients classified as moderate or higher probability
for DVT (cut-off scores of 2), the Wells score was able
to detect patients at risk of developing DVT with a spe-
cificity of 90 % (95 % CI: 87–94 %), sensitivity of 67 %
(95 % CI: 45–88 %), positive predictive value of 31 %
(95 % CI: 16–45 %) and NPV of 98 % (95 % CI: 96–
99 %) (Table 4).
Efficacy of risk stratification based on Wells score was
analyzed by receiver operating characteristic (ROC)
curve analysis, which demonstrated that this scoring and
stratification system accurately identifies patients with a
greater likelihood of developing DVT after sustaining
acute trauma. The area under ROC curve (AUROCC)
was 0.859 (95 % CI: 0.77–0.95; p <0.0001) (Fig. 2b).
Discussion
This study examined the utility of the Wells score for
predicting DVT in patients who were admitted to the
trauma service from January 2012 to July 2013 and
underwent VDS. Wells score has been in use for more
than a decade and has a predictive value in determining
DVT risk in hospitalized patients [1, 9, 13, 14], but its
efficacy specifically in trauma patients has not been
studied. We have shown that patients after sustaining
acute injuries can be categorized as low probability and
moderate-high probability for developing DVT using the
Wells scoring system and the incidence of DVT
Fig. 1 Incidence of DVT by probability estimation on the Wells
scoring system: low, moderate, and high. Incidence increases with
increasing risk. a Distribution of Wells scores in patients with and
without DVT on Venous duplex surveillance (VDS). b Median Wells
score of patients with DVT was significantly higher than the median
Wells score of patients without DVT (2 vs. 1, p <0.0001)
Table 2 Patients’ characteristics of the cohort
Parameter All Patients No DVT DVT P Value
Age in years
(median/range)
54 (18–96) 54 (18–96) 54 (18–88) 0.99
Sex (male/female) 66 %/34 % 67 %/33 % 56 %/44 % 0.313a
LOS in days
(mean ± SD)
13.5 (±10.5) 13.0 (±10) 21.1 (±13) 0.001
ICU stay in days
(mean ± SD)
6.0 (±7.5) 5.7 (±7.1) 10.6 (±1) 0.007
ISS (median/range) 17 (1–66) 17 (1–66) 17 (5–54) 0.557b
Wells score
(median/range)
1 (1–5) 1 (1–3) 2 (1–5) <0.0001b
aChi-Square test
bMann-Whitney U test, rest compared using t-test; DVT: deep vein thrombosis;
LOS: length of stay; SD: standard deviation; ICU: intensive care unit; ISS: injury
severity score
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increases with the increasing score. The Wells score
linearly correlated with the incidence of DVT in these
patients.
Routine surveillance VDS is widely used in many
trauma centers for the diagnosis of DVT, however, there
is a lack of standardized DVT screening system introdu-
cing a surveillance bias [8, 15] in reporting the incidence
of DVT. There is also some controversy concerning the
appropriate use of VDS with some studies citing the
high cost of VDS with relatively low yield of clinical
findings [7]. In our study, we found that a Wells score of
<1 effectively ruled out the possibility of DVT with a
sensitivity and NPV of 100 %, which may eliminate the
need of routine VDS in fairly large cohort of patients
(33.5 %). Although the scoring was very sensitive in pre-
dicting the development of DVT, its specificity was de-
creased in moderate and high probability patients. This
may be due to the use of strict and aggressive thrombo-
prophylaxis protocol by trauma services, which leads to
a decrease in overall rate of DVT. The retrospective de-
sign of the study precluded the ‘nonintervention’ control
arm, but the ROC curve analysis with AUROCC of
0.859 (traditional academic point system rating: good) il-
lustrated that Wells score is able to accurately stratify
the trauma patients in different DVT risk categories. A
Wells score of <1 very efficiently rules out the possibility
of DVT with a NPV of 100 %, thus making it an effective
pretest scoring system, while a Wells score of >2 rules in
a possibility of DVT with a specificity of 90 %. This risk
scoring system can allow judicious use of VDS and en-
hanced patient-directed care with reduced costs and
morbidity.
There are other VTE risk assessment models that have
been created specifically for trauma patients, namely the
Trauma Embolic Scoring System (TESS) [16] and the
Risk Assessment Profile (RAP) [17]. Although these
models have been shown to be useful risk assessment
tools [16, 18], they fail to accurately stratify a significant
number of patients [19, 20]. This failure probably stems
from few inherent limitations of these models. The cut
off threshold for defining “low risk” in these models al-
lows at least two (or more) variables to be present in
trauma patients whereas presence of even one variable
Fig. 2 Correlation between Wells score and incidence of DVT with
coefficient of determination (R2 = 0.88, p = 0.0016) demonstrating a
strong linear correlation. a Receiver operating characteristic (ROC)
curve demonstrating the performance of Wells score in predicting
likelihood of DVT. b Area under the ROC curve (AUROCC) value
shows that high Wells scoring system is efficient in identifying the
patients at risk for developing DVT based on their estimated
probability after trauma
Table 3 Statistical measures of performance of Wells score in
predicting DVT in patients with cut off scores of 1
Parameter Value 95 % CI
Sensitivity 100 % 100–100 %
Specificity 36 % 30–41 %
PPV 9 % 5–13 %
NPV 100 % 100–100 %
DVT deep vein thrombosis, CI confidence interval, PPV positive predictive
value, NPV negative predictive value
Table 4 Statistical measures of performance of Wells score in
predicting DVT in patients with cut off scores of 2
Parameter Value 95 % CI
Sensitivity 67 % 45–88 %
Specificity 90 % 87–94 %
PPV 31 % 16–45 %
NPV 98 % 96–99 %
DVT deep vein thrombosis, CI confidence interval, PPV positive predictive
value, NPV negative predictive value
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(Score ≥1) in the Wells scoring system qualifies a patient
for further DVT surveillance. Secondly, TESS does not
take into account some of the variables associated with a
hypercoagulable state, while RAP uses complex array of
parameters, some of which may not be feasible to meas-
ure accurately in an acute trauma setting [20]. We be-
lieve these limitations are circumvented up to an extent
in Wells scoring system, which is both easy to use and
takes into account risk factors predisposing to a hyper-
coagulable state.
There are some limitations to the current study. The
Wells score accuracy may have been affected if the pa-
tients’ history and symptoms were not recorded accur-
ately. As with the validation of all other scoring systems,
this study of validation of Wells score is retrospective
and a prospective analysis to further validate our find-
ings will help establish the efficacy of this scoring
system.
Conclusion
A Wells score of <1 in the trauma population can reli-
ably rule out DVT and thus avoid further workup. As
the Wells score increases, the risk of DVT increases
linearly with it, establishing it as a valid pretest tool for
risk stratification. Patients sustaining traumatic injuries
can be stratified using Wells score into low, moderate
and high probability of DVT, as shown in Fig. 3.
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